In the last years MultiDimensional (3D and 4D) Synthetic Aperture Radar (SAR) techniques, also known as SAR tomography and differential SAR tomography, are emerging in the field of coherent combination of multibaseline/multitemporal SAR data. With respect to the classical differential interferometric processing, these techniques improve the capability of detection and monitoring of the ground targets. Moreover they were proven to be effective in resolving the signal interference due to the layover effect, that may occur in areas with high density of scatterers located on vertical structures, such as urban areas. Beside the development of these advanced techniques the new generation of sensor, such as TerraSAR-X and COSMO-SKYMED with very high spatial resolution offer new perspectives in the imaging and monitoring of urban areas.
INTRODUCTION
Differential Interferometric SAR (DInSAR) stacking techniques [1] [2] and, particularly, Persistent Scatterers Interferometry (PSI) techniques [3] are commonly used to monitor slow deformation in urban areas such as those associated with underground excavations, water extraction, etc. Application examples with data acquired by medium resolution SAR sensors, such as those onboard ERS, Envisat and Radarsat satellites are given in the current literature showing even the possibility to measure building collapse precursors.
The availability of new high resolution SAR sensors, which are characterized by higher spatial resolutions and revisiting frequencies, see for instance the COSMO/SKYMED (CSK) constellation and TerraSAR-X (TSX), provide an important advance of the active microwave radar remote sensing technology from the space which must be complemented by the development of new and more advanced processing algorithms able to deal with a dramatic increase of data and extract at the same time more and more accurate information.
But for some intermediate processing steps, related to the selection of pixels candidate to the radar monitoring, DInSAR stacking and PSI techniques use only the phase information of the received signal. This is a direct consequence of the assumption that only a dominant scattering mechanism, which can be accurately located and monitored, is present within each radar image pixel.
In areas characterized by a high density of scatterers such as, for example, urban areas where buildings, walls and other manmade structures show a complex vertical profile, the single scatterers assumption [4] may limit the accuracy of the reconstruction and in some cases prevent the detection of scatterers due to the so called layover effect. First analysis of data acquired by the new generation high resolution SAR systems have already shown that the layover effect in urban area is even more pronounced with respect to the data acquired by medium resolution SAR sensors such as those onboard the ERS and Envisat satellites. There are at least two reasons explaining such an effect: a) the increase of resolution makes the layover associated with vertical structures distributed over more image pixels (folding of vertical structures); b) the increase of resolution raises the signal to clutter ratio and therefore the number of persistent scatterers [5] : they can be located on the façade, on the roof and on the ground surrounding the buildings. The probability that different scatterers may interfere in the same azimuth/range pixel therefore gets higher.
A contribution to mitigate such an effect and to resolve the signal interference is provided by the so called SAR Tomography technique (3D Imaging) [5] [7] , including its extension to the velocity direction, known as Differential SAR Tomography or 4D Imaging [8] [9] .
By exploiting both the amplitude and the phase information of the signal received in repeated orbits of the satellite, 3D and 4D SAR imaging techniques are able to reconstruct the scattering profile along the elevation direction (3D) and in the elevation/mean deformation velocity plane (4D). Tomographic techniques allows first of all a higher performances with respect to phase-only based interferometric techniques, such as PSI, in terms of detection and accuracy of localization and monitoring of dominant (single) scatterers [10] . Secondly, it allows separating scatterers located at different elevations, and possibly moving with different velocity, interfering in the same resolution cell. Hence, the possibility to separate contributions from different targets interfering in the same pixel due to the layover phenomenon means an increase in the number of monitored targets.
Results on the application of the 4D imaging technique to medium resolution satellites have been already shown in the current literature [9] [11] . In this work we present and discuss the first results obtained by processing high resolution data acquired by the TSX sensor.
4D SAR IMAGING
In this paragraph we briefly summarize the principle of the tomography based SAR technique, which allows reconstructing the scattering distribution along the elevation (2) are the spatial and temporal frequencies, respectively, with and r being the working wavelength and the distance of the target from the reference position of the sensor.
The estimation of the scattering profile v s, can be framed in the context of the inversion of linear operator, which is practically addressed on after discretization of (1):
where x and are vectors collecting the measured samples and the samples of v s, , A is the matrix associated with the Fourier operator. In this paper the inversion of (3) was carried out by using the conjugate filter, i.e. the Beamforming (BF) technique, although several other methods have been exploited in the literature such as adaptive beamforming [8] and compressive sensing [7] [12] .
Once the backscattering profile has been estimated, the identification of targets have to be addressed. Following the idea in [13] , the detection of single or double interfering scatterers is evaluated by means of a cascade of two sequential test based on the Generalized Likelihood Ratio Test (GLRT) criteria.
EXPERIMENTAL RESULTS
The SAR Tomography technique has been applied to a set of 25 Spotlight images acquired from the TerraSAR-X sensor over the city of Las Vegas, USA. The acquisitions are taken over ascending orbits and span a time interval of about 13 months from February, 2008 to April, 2009. The average incidence angle is of 35.8 degrees. Because of the limited orbital tube, the baseline interval is limited to only 270 meters: this leads to a Rayleigh resolution in elevation (slant height) of about 36 s meters corresponding to about 21 meters in height.
The very high resolution of the spotlight products, about 1 meter in azimuth and 0.6 meters in slant range, makes the layover from the tall buildings of the area to be spread over a large number of pixels. An example of how dramatic becames the layover effect on such a high resolution products is given in Fig. 1: The image on the top shows an orthophoto of the area under investigation, a building about 90 meters tall, as visualized in Google Earth, compared to the multilook amplitude image of the same building (bottom). Although the spotlight imaging mode guarantee a high level of details, see the features present along the building façades, the layover effect makes the façades to be "folded" on the ground toward the west direction (left).
Fig. 1: (top) Google Earth image of a tall building in Las Vegas (USA), (bottom) TerraSAR-X amplitude image.
In these situations, a single pixel in the radar image may contain the information about the ground and the wall and the standard interferometric techniques, based on a single scatterer per cell hypothesis, is no longer suitable. Instead, the SAR Tomography, by reconstructing the backscattering profile, is able to distinguish the different contribution from ground and façades.
In Fig.2 we show the residual topography estimated through the application of the 4D Imaging to the dataset. On the top the results of the single scatterer analysis are shown: it is evident the high density of scatterers resulting from the high spatial resolution of TSX as well as the fact that the estimated topography increase when moving toward west, i.e. toward the sensor. Moreover, looking at the top mid area of the top image is evident in the presence of a wide area with the green color: this highlights the fact that the dominant (single) scatterers were taken from the ground level, thus loosing the information over the façade.
In the other two images in Fig.2 we show the result obtained by the tomography technique with reference to double scatterers. In particular the image in the middle collects the scatterers on the ground separated by the tomographic analysis, whereas the image on the bottom show the targets located on the façade. It is evident that the tomographic technique allows increasing the density of monitored targets, being able to distinguish the contribution of the flat ground (middle image) from the one arising from the building (bottom image). Furthermore, the double scatterers analysis has recovered contribution from building even in the green area identified in the single scatterers analysis, thus compensating for the lack of monitored pixel along the structure. 
CONCLUSION
Multidimensional SAR Tomography has proven to be effective for improving the density of monitored scatterers in presence of interference due to multiple contributions in the same azimuth/range pixel. This situations typically occur in urban areas where the high density of scatterers highlights the layover effect and interference between building and ground is much more expected. With the new generation of high resolution sensor this problem is even more pronounced because of the increased resolution that distributes the layover over a greater number of pixel. In this paper we presented the first results of the application of the SAR Tomography to a dataset of TerraSAR-X images, thus demonstrating the capability of this technique to improve the imaging of buildings.
